The large and growing number of viral and bacterial pathogens responsible for respiratory infections poses a challenge for laboratories seeking to provide rapid and comprehensive pathogen identification. We evaluated a novel application of the TaqMan low-density array (TLDA) cards for real-time PCR detection of 21 respiratory-pathogen targets. The performance of the TLDA was compared to that of individual real-time PCR (IRTP) assays with the same primers and probes using (i) nucleic acids extracted from the 21 pathogen strains and 66 closely related viruses and bacteria and (ii) 292 clinical respiratory specimens. With spiked samples, TLDA cards were about 10-fold less sensitive than IRTP assays. By using 292 clinical specimens to generate 2,238 paired individual assays, the TLDA card exhibited 89% sensitivity (95% confidence interval [CI], 86 to 92%; range per target, 47 to 100%) and 98% specificity (95% CI, 97 to 99%; range per target, 85 to 100%) overall compared to IRTP assays as the gold standard with a threshold cycle (C T ) cutoff of 43. The TLDA card approach offers promise for rapid and simultaneous identification of multiple respiratory pathogens for outbreak investigations and disease surveillance.
The large and growing number of viral and bacterial pathogens responsible for respiratory infections poses a challenge for laboratories seeking to provide rapid and comprehensive pathogen identification. We evaluated a novel application of the TaqMan low-density array (TLDA) cards for real-time PCR detection of 21 respiratory-pathogen targets. The performance of the TLDA was compared to that of individual real-time PCR (IRTP) assays with the same primers and probes using (i) nucleic acids extracted from the 21 pathogen strains and 66 closely related viruses and bacteria and (ii) 292 clinical respiratory specimens. With spiked samples, TLDA cards were about 10-fold less sensitive than IRTP assays. By using 292 clinical specimens to generate 2,238 paired individual assays, the TLDA card exhibited 89% sensitivity (95% confidence interval [CI], 86 to 92%; range per target, 47 to 100%) and 98% specificity (95% CI, 97 to 99%; range per target, 85 to 100%) overall compared to IRTP assays as the gold standard with a threshold cycle (C T ) cutoff of 43. The TLDA card approach offers promise for rapid and simultaneous identification of multiple respiratory pathogens for outbreak investigations and disease surveillance.
Despite the high prevalence of acute respiratory infections (ARI), no etiologic agent is identified in approximately 50% of cases tested in studies of community-acquired pneumonia (CAP) (20) . In addition, mounting evidence indicates that bacterial and viral coinfections can play a major role in both CAP and ARI (9-11, 13, 17) . Accurate and rapid diagnosis of etiologic agents in respiratory illness can be challenging, particularly during investigations of respiratory disease outbreaks of unknown etiology, when there is an urgent need for identification of a causative pathogen. While viral and bacterial culture, serology, immunoassays, and molecular diagnostics can be employed to detect the presence of coinfections in respiratory illness, these techniques can be both costly and timeconsuming. More-efficient diagnostic tools are needed that can provide rapid results for a number of pathogens without compromising sensitivity or specificity.
In recent years, a number of multiple-pathogen detection systems have been developed and evaluated on respiratory clinical specimens. These systems use multiplex PCR assays combined with various detection systems, including mass spectroscopy, bead sorting, dye-labeled probes, and microarray technology (1, 3, 18, 19) . One drawback shared by all of the technologies based on multiplex PCR is that each change to existing primers or each addition of new primer pairs and probes necessitates reevaluation of the sensitivity and specificity of the entire tool. As new sequence data and other information on known pathogens become available, specific quantitative PCR (qPCR) primers and probes may need to be altered or added, but revalidation of an entire multiplepathogen detection assay is difficult and costly. Although not previously applied to infectious-pathogen detection, a novel microfluidic-technology format, the TaqMan low-density array (TLDA) (Life Technologies, Carlsbad, CA), may provide a useful platform for multiple-pathogen detection. TLDA is based on singleplex qPCR assays and has been used extensively in cancer research for multiple gene expression and micro-RNA expression analyses (8, 21, 22) .
In this study, we evaluated the TLDA format for rapid and simultaneous singleplex detection of multiple viral and bacterial respiratory pathogens. The advantage of the TLDA platform is that it is a closed system incorporating validated singleplex PCR methodology, which allows the flexibility to add new primers and probes without recalibration of the others already incorporated on the cards. Since the reagents for each assay are preallocated to the reaction wells, this format is easy to use, and the sample needs to be added only once. The TLDA card is designed to run 24 duplicate assays, each providing a realtime semiquantitative readout: one internal positive control (IPC), two nucleic acid quality controls, and 21 pathogen assays. Our evaluation of the TLDA card, developed to detect both DNA and RNA from respiratory viruses and bacteria, includes results from both analytical and clinical evaluations of specificity and sensitivity relative to individual real-time PCR (IRTP) assays.
MATERIALS AND METHODS
Strains and clinical specimens. All viral and bacterial isolates used in this study were obtained from Centers for Disease Control and Prevention (CDC) collections. Nasopharyngeal/oropharyngeal (NP/OP) swabs (n ϭ 272), lung tissue samples (n ϭ 15), and sputum samples (n ϭ 5) in these specialized collections were obtained through routine surveillance and/or from respiratory illness outbreaks from 1990 to 2009 by the CDC in Atlanta, GA, as well as by the CDC surveillance, research, and outbreak response platform in Nairobi, Kenya (based at the Kenya Medical Research Institute [KEMRI]).
TNA extraction. Total nucleic acids (TNA) were extracted from viral isolates, bacterial isolates, and specimens (lung tissue or sputum specimens for assays used for Legionella; NP/OP specimens for all others) using the InviMag Bacteria DNA kit (Invitek, Germany) and the KingFisher ML extraction platform (Thermo Scientific, Waltham, MA) using the InviMag Viral settings. Despite the name, the InviMag Bacteria kit extracts both DNA and RNA from both viruses and bacteria (27) . The procedure was performed according to the manufacturer's instructions unless otherwise stated. Briefly, 200 l of viral transport medium (VTM) containing NP swabs was incubated in a lysis buffer that includes a proprietary mix of digestive enzymes for 10 min at 65°C, followed by 10 min at 95°C. Approximately 30 mm 3 of lung tissue or 125 mm 3 of sputum was lysed in the same lysis buffer, but the incubation at 65°C was increased to overnight. Lysed samples were extracted using the KingFisher ML platform as recommended by the manufacturer with an elution volume of 260 l (this is a deviation from a standard elution in 120 l to accommodate the large volume required for performing many IRTPs). The samples were centrifuged for 1 min at maximum speed to collect leftover beads in the bottom of each tube. Isolated TNA were stored at Ϫ80°C.
Genomic DNA extraction and quantification. Genomic DNA, required for genome equivalent calculations, was purified from bacterial isolates using the Qiagen Genomic-tip 20/G according to the manufacturer's instructions (Qiagen, Germany). Approximately 4.5 ϫ 10 9 bacterial cells were pelleted and lysed in the presence of lysozyme and proteinase K for 30 min at 37°C, followed by 30 min at 50°C. These lysates were loaded onto the equilibrated Qiagen Genomic-tip 20/G. The samples were allowed to run through the column by gravity flow. The captured genomic DNA was washed three times with buffer QC (Qiagen, Germany) and was eluted with 1 ml of buffer QF (Qiagen, Germany) twice. The DNA in the eluate was precipitated with isopropanol and was pelleted by centrifugation at 14,000 ϫ g. The pellet was washed and allowed to dissolve in elution buffer at room temperature overnight with shaking. The DNA was quantified using a NanoDrop spectrophotometer (Thermo Scientific, Wilmington, DE).
IRTP. All individual real-time PCRs (IRTPs) were performed on the Applied Biosystems 7900HT real-time PCR platform in a 96-well format using the AgPath-ID One-Step kit (Applied Biosystems, Foster City, CA) (28) . Each reaction mixture contained 1ϫ reverse transcription-PCR (RT-PCR) buffer, 1ϫ RT-PCR enzyme, 1ϫ primer and probe mix, and 5 l of TNA in a total volume of 25 l. Primers and probes for each assay were premixed, aliquoted, and stored at Ϫ20°C until use. All master mixes for reactions were prepared and aliquoted into 96-well plates in a clean room to limit the possibility of contamination with the template or PCR products. The template was subsequently added to the prealiquoted master mix in another room. The plates were sealed, centrifuged at 750 ϫ g for 2 min, and placed in the thermal cycler. The following cycling conditions were used for all IRTP applications: 45°C for 10 min, 94°C for 10 min, and 45 cycles of 94°C for 30 s followed by 60°C for 1 min.
TLDA card design. TaqMan low-density array (TLDA) cards (Applied Biosystems, Foster City, CA) are 384-well microfluidic cards with eight ports, each containing 48 connected wells (Fig. 1) . The primers and probe for each assay are preloaded and dried onto the designated duplicate wells. All probes used on our card are conjugated to 6-carboxyfluorescein (FAM) except for the Legionella pneumophila probe, which is conjugated to hexachlorofluorescein (HEX). Black hole quencher 1 (BHQ1) was used as a quencher for all probes (28) . The TLDA respiratory-pathogen card is designed to run seven samples and a negativecontrol sample on one card. Alternatively, a positive control can be added to one port, allowing six samples to be run per card. Each port tests against 13 viral targets and 8 bacterial targets in duplicate. All the assays and their respective target genes are listed in Table 1 . The card also features three control assays, including the internal positive control (IPC) and two specimen quality control assays, for the glyceraldehyde 3-phosphate dehydrogenase (GAPDH) and RNase P (RNP3) genes.
TLDA card processing. All TLDA cards were run on the Applied Biosystems 7900HT real-time PCR platform using the AgPath-ID One-Step kit (Applied Biosystems, Foster City, CA). The master mix for each TLDA card was prepared in a clean room, and it included 1ϫ RT-PCR buffer and 1ϫ RT-PCR enzyme in a final volume of 80 l per port. Twenty microliters of TNA was added to the master mix, resulting in the same primer-probe and template concentrations as those for the IRTPs. Each reaction was mixed by pipetting and was dispensed into loading wells on the TLDA card. The final volume in each TLDA well is approximately 1 l. The excess volume was necessary for proper loading of small microfluidic ports. Each run included at least one negative control. The cards were centrifuged twice at 336 ϫ g for 1 min each time, sealed, and placed in the thermal cycler. The following cycling conditions were used for all TLDA applications: 45°C for 10 min, 94°C for 10 min, and 45 cycles of 94°C for 30 s followed by 60°C for 1 min.
Analysis of the reproducibility of the TLDA assays. Samples of total nucleic acids from all bacteria and viruses represented on the card were pooled, aliquoted, and stored at Ϫ80°C. One aliquot was loaded into all seven wells of one TLDA card, for a total of 14 separate reactions per target. Finally, additional aliquots of the nucleic acid pool were run on two additional days in either one or two ports per day for a total of five different TLDA cards.
Analytical specificity. The analytical specificity of the assays was tested in two stages. First, TNA from all viruses and bacteria from the card were loaded into individual wells and were tested for cross-reactivity between the pathogens pres-FIG. 1. TaqMan low-density array (TLDA) card layout including the respiratory pathogens. TLDA cards were customized to include singleplex real-time PCR assays for 13 viruses and 8 bacteria known to cause acute respiratory infections. These microfluidic cards contain 384 individual wells separated into eight loading ports with 48 assay wells each (Ϫ ctrl, negative control; S1 to S7, samples 1 through 7). This format allows for easy loading of eight specimens and for the performance of each assay in duplicate. Upon completion of specimen loading, all wells are sealed individually for singleplex reactions. Each CDC respiratory panel TLDA card has built-in controls, including the internal positive control (IPC) and two human DNA/RNA controls, GAPDH and RNP3, respectively. ent on the card. Second, 20-ng portions of TNA from representative isolates of commensal flora and viral pathogens not represented on the card were analyzed for cross-reactivity (see Table 3 ).
Analytical sensitivity. Two different sets of experiments were performed to test for analytical sensitivity: comparative analytical-sensitivity experiments and comparative limit-of-detection (LOD) experiments. First, a 10-fold serial dilution of the pooled template mixture was performed, and each dilution was aliquoted and frozen at Ϫ80°C. Each member of the dilution series was analyzed in quadruplicate using two TLDA cards, and the highest dilution at which at least three out of four replicates tested positive was considered the lowest detectable concentration for that assay. For comparison, the appropriate IRTPs were performed on the serial dilution series in quadruplicate to determine the lowest dilution at which at least three out of four replicates were positive.
The limit of detection was determined for each target by comparing TLDA cards and the corresponding IRTPs. Different methods of determining the lower limit of detection were used for different assays. The 50% egg infectious dose , TCT TTT TCT AGG ACA TTG TAY TGA ACA G  250  P, FAM-CTG TGT ATG TGG AGC CTT CGT GAA GCT  50  Human parainfluenza virus  type 1   HN  F, AGT TGT CAA TGT CTT AAT TCG TAT CAA T  500  Internal, unpublished  R, TCG GCA CCT AAG TAA TTT TGA GTT 
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(EID 50 ) per milliliter was used for all influenza assays; quantified transcripts were used for human parechovirus (HPeV) and enterovirus (EV); quantified armored RNA was used for respiratory syncytial virus (RSV), human parainfluenza virus types 1 to 3 (HPIV1 to HPIV3), human metapneumovirus (HMPV), and rhinovirus (RV); and genome equivalents were used for adenovirus and all bacterial assays. Ten-fold serial dilutions of each viral and bacterial strain were analyzed for the lowest detectable concentration range where at least three out of four replicates tested positive. Although this is a relatively low number of replicates for determination of the LOD, the main goal was to compare TLDA and IRTP performance on the same set of dilutions. Clinical validation. Samples were processed in groups of seven, and both TLDA cards and IRTPs were run on the same day without a freeze-thaw cycle in between. IRTPs were run in duplicate to match the format of the TLDA cards. A TLDA or IRTP result was considered positive if it passed internal positive controls, had an exponential growth curve, and had at least one run less than or equal to the threshold cycle (C T ) cutoff value.
Study design. The study design was a paired-specimen evaluation where matched results by TLDA and IRTP for a range of 21 pathogens were compared in terms of sensitivity and specificity. Each specimen was tested on a TLDA card for the 21 targets described above using cards manufactured in the same batch. Specimens were handled in "analysis groups" or "collections" of about 30 specimens to accommodate efficient processing, especially of the IRTP assays. From an available collection of 292 specimens, a random sample of 79 specimens was selected for complete paired testing for each of the 21 pathogens by both the TLDA and IRTPs. Additional specimens were selected for testing by both assays. These were any specimens that were positive by TLDA but were not tested by IRTP. Selection of specimens with a positive TLDA result ensured additional data points for analysis. In addition, due to the large number of positive results obtained for Streptococcus pneumoniae by the TLDA, all specimens were analyzed by IRTP assay for S. pneumoniae.
Statistical analysis. The performance of the TLDA was analyzed for reproducibility and in comparison to IRTP. Reproducibility experiments were performed on four TLDA cards within the same batch to determine if there was a statistically significant difference in results within the seven ports of a card and between cards. The clinical sensitivity and specificity of TLDA were determined by comparison to the IRTP as the "gold standard," i.e., assuming that the IRTP was 100% sensitive and specific. We performed all clinical sensitivity and specificity analyses using C T cutoffs of 43 and 35.
RESULTS
Reproducibility of the TLDA. The reproducibility of the C T values within one card or between different cards from the same production lot was based on 828 total observations with a P value of Յ0.0001 by analysis of variance (ANOVA). Within individual pathogens and across four cards, the highest coefficient of variance (CV) was 4.7% (HPeV), the lowest CV was 0.46% (Mycoplasma pneumoniae), and 13/22 (59%) pathogens exhibited CVs under 1% (Table 2) . Within individual cards, for a given pathogen, the median CV was 0.51% and the mean was 0.80%. There were only two instances of CVs above 4%, both for HPeV, on cards 3 (6.1%) and 4 (4.1%) ( Table 2 and data not shown). Among all four cards and all pathogens, 95% of the within-card and within-pathogen CVs were below 2.91%.
Analytical specificity and sensitivity of the TLDA. All assays on the TLDA card showed high specificity when testing was performed on bacterial and viral isolates and the near-neighbor panel. By design, some assays detected multiple species or subtypes; these included the influenza virus type A (unpublished data), pan-Legionella/L. pneumophila (26) , and Bordetella pertussis assays (23) . Specimens positive for influenza virus type A were also further subtyped by the TLDA into H1 or H3. Any influenza virus type A specimens negative for both the H1 and H3 epitopes were characterized as unsubtypeable. The pan-Legionella assay (26) was designed to amplify all Legionella species, and all species listed in Table 3 were amplified, as expected. On the other hand, the Legionella pneumophila (all serogroups) assay was specific for this species, as expected. By design, the B. pertussis target I assay amplified Bordetella pertussis and Bordetella holmesii, while the B. pertussis target II assay amplified B. pertussis, Bordetella parapertussis, and Bordetella bronchiseptica (23) . Only one cross-reaction was discovered during the analytical validation: the rhinovirus assay nonspecifically amplified characterized enterovirus type strain TNA on TLDA cards and in the IRTP assays. None of the 61 commensal flora and closely related bacteria and none of the 5 viruses were detected by the TLDA respiratory panel ( Table 3 ).
The LOD was determined for all viruses and bacteria on the TLDA respiratory-panel card and was compared to the LOD for the respective IRTP (Table 4) . Highly purified, quantified genomic DNA was used for these experiments. Some assays exhibited the same LOD for the TLDA and the IRTP, including the HPIV2, HMPV, Haemophilus influenzae, B. pertussis target I, and B. pertussis target II assays. Assays that were 10-fold less sensitive by the TLDA included the influenza virus type A, influenza virus type A subtype H1, influenza virus type A subtype H3, influenza virus type B, HPIV1, HPIV3, RV, EV, and HPeV assays, the pan-adenovirus assay tested by adenovirus 11, and the pan-Legionella, L. pneumophila, S. pneumoniae, Streptococcus pyogenes, and M. pneumoniae assays. A few assays exhibited a 100-fold reduction in analytical sensitivity, specifically, the RSV assay, the pan-adenovirus assay tested by adenovirus 15, and the Chlamydophila pneumoniae assay. Clinical sensitivity and specificity of TLDA. Clinical validation of the TLDA cards was performed on 292 clinical specimens obtained retrospectively from CDC frozen-specimen collections. Of these, 14 were excluded from the analysis because they gave negative results for both human controls (RNP3 and GAPDH) on the TLDA. Of the remaining 278 samples, all tested positive for at least one pathogen by either the IRTP assay or the TLDA card. Exactly 50% (146/292) of the specimens were positive for more than one pathogen. Forty-two percent (61/146) of these were positive for three or more pathogens. None of the 44 negative controls gave a positive test result for any of the pathogens.
We first analyzed the performance of the TLDA card compared to the IRTP assay as the "gold standard" by using a C T cutoff of 43. This cutoff was chosen as a liberal definition of "positive" and was applied to both the TLDA and IRTP assays. Table 5 shows the number of specimens analyzed for each pathogen and the corresponding sensitivity and specificity of the TLDA card at this C T cutoff. Although the sample sizes for some pathogens were small and confidence intervals were wide, the overall performance of the TLDA card fell within 10% of that of the combined IRTPs. The card was most sensitive for 10 of the 21 pathogens, detecting Ն95% of IRTPpositive influenza virus type A subtype H1, RSV, HPIV1, HPIV3, HMPV, RV, HPeV, pan-adenovirus, H. influenzae, and S. pyogenes samples. The pathogens for which the TLDA card had the lowest sensitivity (Յ75%) were M. pneumoniae, C. pneumoniae, and B. pertussis target II. The TLDA card was comparable in specificity to the IRTP assays for most pathogens, ranging from 92 to 100%, except for S. pneumoniae, for which it had a specificity of 85%.
For a more conservative definition of a positive result, we lowered the C T cutoff from 43 to 35, which resulted in a small net gain in TLDA card sensitivity without changes in specificity relative to the IRTP assay, although the performance by pathogen differed greatly (data not shown). The TLDA card showed higher sensitivity for eight pathogens, lower sensitivity for nine, and unchanged sensitivity for four at this threshold. The most notable differences with the cutoff of 35 were the M. pneumoniae and C. pneumoniae results, which increased in sensitivity by 33%. The change in the specificity of the TLDA card was less notable, with results differing 0 to 9% from their values at the C T cutoff of 43.
DISCUSSION
Viruses and bacteria are responsible for a large number of community-acquired pneumonia and upper respiratory tract infection cases on a global level, both as independent infections and as coinfections (5, 10, 11, 13) . In this study, we evaluated the sensitivity and specificity of the TaqMan lowdensity array (TLDA) cards for the identification of 21 respi- Bacterial genera Legionella ratory-pathogen targets compared to individual real-time PCRs (IRTPs) using the same extraction techniques and the same primers and probes. The TLDA card format offers several advantages over IRTP. First, it allows for the detection of multiple pathogens simultaneously, thereby eliminating the need to transport, register, aliquot, and process clinical specimens for different pathogens sequentially. This reduces the amount of handling required and the chance for human error. In an outbreak investigation, one laboratory technician can complete the detection of 21 pathogens from multiple patient samples within 3 h, whereas running IRTP assays would take significantly longer. Second, the TLDA card requires a much smaller amount of nucleic acids than an IRTP; more than 210 l of TNA is required for the detection of 21 pathogens using individual assays in duplicate, but only 20 l of TNA is needed for the TLDA. This allows for the testing of multiple pathogens even when the available clinical sample is small, obviating the need to choose between suspected pathogens. In addition, the TLDA card offers a singleplex, preformulated panel that helps to avoid extensive assay optimization and to minimize crosscontamination.
In analytical studies, we found that TLDA cards require somewhat higher concentrations of nucleic acids than IRTPs (i.e., 10-fold more RNA or DNA; range, 1 to 1,000), although this difference was not reflected in the detection of most pathogens after evaluation of clinical specimens. One of the limitations of this experiment was a low number of replicates. However, the goal was not validation of individual We evaluated TLDA performance on clinical specimens at C T cutoffs of 35 and 43 for both the TLDA and IRTP assays. These cutoffs were chosen to evaluate TLDA performance under both conservative and liberal definitions of positive results and to allow for various specimen concentrations in different samples, such as would occur in a real-world scenario. Under both liberal and conservative conditions, the overall specificity of the TLDA compared to the IRTP was unchanged, while the sensitivity was 4% lower at the C T cutoff of 43. This decrease in sensitivity seen with the TLDA at higher C T levels is consistent with the more sensitive LODs of IRTP assays found in the analytical validation. Concordance with TLDA results improved with a C T cutoff of 35, because specimens that were considered positive with IRTP values between 35 and 43 were recategorized as negative. The TLDA card consistently showed the lowest sensitivity for two pathogens, M. pneumoniae and C. pneumoniae, possibly due to sample quality and the prior dilution status of the clinical specimens available for these specific pathogens, indicated by high C T values for IRTP assays (Ն35). The sensitivity of the TLDA for these pathogens increased by 33% when the C T cutoff was lowered to 35.
In total, less than 3% (56/2,238) of assays performed by both the TLDA and IRTP gave false-negative results at a C T cutoff of 43. In a normal outbreak or surveillance setting, clinical specimens would be eluted in a 120-l or smaller volume; however, in order to perform 48 IRTPs in addition to the TLDA, the samples were eluted in 260 l for this study. This specimen dilution step may have led to the TLDA missing some clinical specimens that would otherwise have tested positive, which could potentially explain some of the false-negative results on TLDA cards. In this study, we were unable to perform IRTP testing on many specimens for which TLDA results were negative for a given pathogen. The decision to test only a subset of negative results was based on available resources, since complete testing of all specimens would have required performing approximately 7,000 additional IRTP assays. We believe this limitation introduced a minor bias against the IRTP assays.
False-positive TLDA results were seen in less than 1.6% (35/2,238) of TLDA assay reactions at a C T cutoff of 43. One explanation for this may be that each 25-l IRTP mixture contained the nucleic acid equivalent of 7.5 l of the original clinical specimen, while each 1-l TLDA reaction mixture contained only a 0.2-l nucleic acid equivalent of the original clinical specimen. Forty-five cycles at 94°C may have caused this small reaction volume to evaporate over time, potentially modifying PCR chemistry enough to prevent proper amplification and to introduce nonspecific amplicons.
Another factor that may have impacted the sensitivity and specificity of the TLDA was the need to use a single extraction method, real-time PCR chemistry, and cycling conditions for all reactions. Some pathogens might be detected better using assays optimized under individualized conditions, but we used a method likely to give the best overall results for this combination of RNA and DNA targets. The IRTPs used in this study were run under this unified set of conditions. However, the ability to use the same chemistry for the identification of both viruses and bacteria makes our respiratory-pathogen card possible.
Despite these limitations, our results show that the sensitivity and specificity of the TLDA card are close to those of IRTP assays. These findings suggest that the TLDA card would be a useful tool for pathogen detection, particularly in surveillance and outbreak settings, where results can be interpreted in a broader context than with individual clinical care. As with any multiple-pathogen detection tool, special consideration must be given to situations in which more than one pathogen has a positive result, and clinical judgment is important for distinguishing between carriage and disease. More experience with the assay is essential to determine if the level of detection is appropriate for clinical care. The TLDA card is an efficient tool for rapid screening of many respiratory pathogens when the etiology of respiratory disease is not known or multiple pathogens are suspected, which gives it an advantage over most currently used diagnostics. Further evaluation of the TLDA is needed to assess its performance in a clinical context, including distinguishing between carriage and disease and determining whether the level of detection is appropriate for clinical care. Multiple pathogens were frequently detected using TLDA technology. It is not clear whether all these multiple pathogens were responsible for the patients' illnesses. It is likely that carriage is responsible for the presence of some multiple pathogens. For example, S. pneumoniae carriage is commonly detected in nasopharyngeal swabs and may be present in as many as 50% of some populations (6) . One of the challenges of utilizing the TLDA technology will be to develop algorithms to determine which pathogens are primarily responsible for disease, which pathogens can work synergistically to produce disease, and which pathogens represent carriage. TLDA cards could have useful applications to various syndromes beyond respiratory infections, such as diarrhea, sepsis, and meningitis/encephalitis, where a variety of pathogens could be causing similar symptoms.
